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Highlights from Recent Literature
1 ANALYTICAL
1.1 Determination of Gold by Graphite
Furnace Atomic Absorption Spectrometry
after Coprecipitation with Nickel
Diethyldithiocarbamate
This paper, by H. Sato and J. Ueda, Faculty of Education,
Kanazawa University, Japan, Anal. Sci., 2000, 16(10), 1089-
1090, describes the fundamental conditions for the
coprecipitation of trace amounts of gold in water with Ni
DDTC and for the graphite furnace atomic absorption
spectrometric determination of gold. The method proposed
here is simple and reproducible and applicable to the analysis of
river, tap or seawater samples which contain down to 30 pg
cm-3 of gold.
1.2 Determination of Trace Impurities in
High Purity Gold by Inductively Coupled
Plasma Mass Spectrometry with Prior
Matrix Removal by Electrodeposition
A novel method for the determination of 11 trace impurities (Be,
Mg, Cr, Mn, Ni, Cu, Zn, Ag, Pd, Sn and Pb) in high purity gold
with a combination of electrochemical deposition separation and
inductively coupled plasma mass spectrometric measurement has
been studied by Y.C. Sun, C.H. Hsieh, T.S. Lin and J.C. Wen,
Nuclear Science and Technology Development Center, National
Tsing-Hua University, Hsinchu, Taiwan, Spectrochim. Acta, Part
B, 2000, 55B(9), 1481-1489. An efficient separation procedure
was developed to remove the gold matrix using an
electrodeposition method and the difference in reduction
potential of gold and the other trace impurities. The effects of
deposition potential, deposition time and composition of the
electrolyte on the separation efficiency were studied. 
The limit of detection (based on the 3-σ criterion) of these
elements was 10-1-10-2 μg g-1. The applicability of the proposed
method was validated by the analysis of high purity gold
reference materials (FAU9 and FAU11, Royal Canadian Mint). 
1.3 Method for Assurance of Gold Ingot
Enclosed in Container
T. Endo, M. Yonezawa and S. Yahata of the Mitsubishi
Materials Corporation, Japan have filed a patent (Japanese
Patent 2000321267 A2; 24 November 2000) on a new method
of assurance for gold. The gold ingot is sealed in a non-
electrically-conductive container. The sonic transmittance speed
is recorded by applying an ultrasonic wave of preset wave
number onto the surface of the container. The resistance to an
electrical wave radiation of a preset wavelength is also measured.
The gold ingot quality is assessed by analysing the sonic
transmittance speed and electrical radiation resistance data. For
the best results, the sample should be in close contact with the
container surface on which the radiation is applied.
2 CATALYSIS
2.1 Production Method for Benzyl Esters
using Palladium-Gold Oxidation
Catalysts
Benzyl esters are prepared by oxidative reaction of benzyl
compounds with carboxylic acids in the presence of oxygen and
Au/Pd catalysts having metal oxide supports with specific surface
area of 50 m2/g. Thus, in a patent assigned to Y. Sato, J. Tatsumi,
T. Iida and T. Hayashi of Nippon Shokubai KK Co Ltd,
Japanese Patent 2000288392 A2 (17 October 2000), 10.0 g p-
xylene and 12.0 g acetic acid were heated at 140°C for 2.0 h
under an oxygen pressure of 10 kg/cm2 in the presence of a Pd-
Au-Ti catalyst (Pd 0.5%, Au 0.35%) prepared from titanium
tetraisopropoxide, silicon oxide (support), tetrachloroauric acid,
and tetraamminepalladium dichloride to give 1.48 g p-
methylbenzyl acetate and 0.93 g p-xylylene diacetate.
2.2 Preparation and Catalytic Activity of
Nanometer Gold Ultrafines Supported on
Co3O4
H. Wang, J. Wang, W.-D. Xiao and W.-K. Yuan of the
UNILAB Research of Chemical Reaction Engineering, East
China, University of Science and Technology, Shanghai, P. R.
China, Powder Technol., 2000, 111(1-2), 175-178, have used
urea as precipitant in the preparation of ultra-fine supported
gold catalyst. The gold particles thus obtained have an average
particle diameter of about 4 nm. 5wt% Au/Co3O4 catalyst is
used for the selective catalytic oxidation of NO in simulated
flue gases with satisfactory sulfur resistance, water resistance and
low-temperature activity.
2.3 Analytical High-Resolution TEM Study of
Supported Gold Catalysts: Orientation
Relationship between Gold Particles and
Titanium Dioxide Supports
An analytical high-resolution TEM study has been carried out
by T. Akita, K. Tanaka, S. Tsubota and M. Haruta of the Osaka
National Research Institute, AIST, Osaka, Japan, J. Electron
Microsc., 2000, 49(5), 657-662, for gold deposited on TiO2
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(anatase and rutile) to obtain a structural insight into the
unique catalytic properties of the system. Preferred orientations
between gold particles and the titanium dioxide support were
often observed and a model for the epitaxial orientation
between the gold particles and anatase TiO2 was proposed.
These results were consistent with the results calculated by the
coincidence of reciprocal lattice point (CRLP) method.
2.4 Metal Sols as a Useful Tool for
Heterogeneous Gold Catalyst Preparation:
Reinvestigation of a Liquid Phase
Oxidation 
Stabilized metal sols have been used as precursors in the
preparation of heterogeneous gold catalysts for liquid phase
oxidation in water (F. Porta, L. Prati, M. Rossi, S. Coluccia and
G. Martra, Dipartimento di Chimica Inorganica Metallorganica
e Analitica e Centro CNR, Universita di Milano, Italy, Catal.
Today, 2000, 61(1-4), 165-172). The methodology of sols
generation appears to be fundamental to obtaining
nanoparticles; and the support plays an important role in
maintaining particle dimension and morphology. Three
different materials (γ-Al2O3, SiO2 and activated carbon) have
been used as supports for different gold sols that were obtained
by reducing HAuCl4 with NaBH4 in the presence of
polyvinylalcohol (PVA) or polyvinylpyrrolidone (PVP) and
with the tetrakis(hydroxymethyl)phosphonium chloride
(THPC)/NaOH system.
During the immobilization step, the maintenance of the
particle dimension observed in solution depends on both the
support and the type of sol. The mean size of the colloidal gold
particles is more easily maintained on oxidic supports than on
carbon, the latter apparently needing both steric and polar
stabilization of the gold particles. Comparison of Au/γ-Al2O3
and Au/C catalyst activity in the liquid phase oxidation of
ethylene glycol to glycolate highlighted the peculiarity of gold
on carbon catalysts; in fact, the normally observed trend of
reactivity is partially reversed: medium sized gold particles being
the most active.
2.5 Gold Catalyst for Epoxidation of Olefins
The preparation of olefin oxides from C3 – C12 olefins and
oxygen in the presence of hydrogen, an optional diluent and a
gold catalyst on a disorganized phase titanium dispersed on a
silica support has been patented by S.R. Bare, R.G. Bowman,
H.J. Clark, G.E. Hartwell and J.J. Maj of the Dow Chemical
Company, WO Patent 9800415 A. The gold has an average
particle size of at least 10 Å and the amount of gold loaded onto
the support is 0.01 – 20 wt%, based on silica. The process can
be operated at comparatively high temperatures (eg > 120°C)
whilst maintaining selectivity to olefin oxide. The catalyst gives
good olefin conversion and is active and highly selective for the
olefin oxide: and has a long lifetime and is easy to regenerate.
2.6 Carbon Monoxide Oxidation over
Supported Gold Catalysts : The Role of
Supports in Oxygen Supply during the
Reaction
A thorough comparison of gold catalysts on different support
materials as well as activity measurements for gold on mixed
oxides (Au/Fe2O3/MgO) reveal enhanced carbon monoxide
oxidation rates for a group of ‘active’ support materials (Fe2O3,
TiO2, NiOx, CoOx). M.M. Schubert, S. Hackenberg, A.C. van
Veen, M. Muhler, V. Plzak and R.J. Behm, Abteilung
Oberflachenchemie und Katalyse, Universität Ulm, Germany, J.
Catal., 2001, 197(1), 113-122, have shown that for Au/Fe2O3,
large amounts of oxygen can adsorb on the support, which
most likely represents the oxygen supply during the reaction.
The high mobility of these oxygen species and the absence of
oxygen scrambling with labelled 36O2 in pulse experiments
strongly suggest the adsorption in a molecular form on the iron
oxide support. From the absence of the doubly marked product
C18O18O, reaction schemes via a carbonate-like intermediate or
transition-state can be ruled out. 
For gold catalysts supported on active materials, the
dominant reaction pathway is concluded to involve adsorption
of a mobile, molecular oxygen species on the support,
dissociation at the interface, and reaction on the gold particles
and/or at the interface with carbon monoxide adsorbed on the
gold. The facile supply with reactive oxygen, via the support,
serves as a probable explanation for the observed independence
of the turnover frequency from the gold particle size on these
catalysts, while for gold supported on inert materials, where the
oxygen supply most likely proceeds via direct dissociative
adsorption on the gold particles, the size of the latter plays a
decisive role. 
2.7 Mechanism of Gold Activation in
Supported Gold Catalysts for Carbon
Monoxide Oxidation
Z. Hao, L. An, H. Wang and T. Hu of the Lanzhou Institute of
Chemical Physics, Chinese Academy of Sciences, P.R. China,
React. Kinet. Catal. Lett., 2000, 70(1), 153-160, have proposed
a mechanism for carbon monoxide oxidation based on the
structure characterization of Au/Fe2O3 catalysts. The possible
catalytically active state is the partially oxidized gold (Auδ+)
with unoccupied outer d orbitals, similar to the outer d orbital
structure of platinum Thus ‘inert’ gold can become very active
for carbon monoxide oxidation.
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3 CHEMISTRY





The reaction between thioether phosphine Au(I) precursors such
as [AuCl(Ph2PCH2SPh)] (1), or [Au(Ph2PCH2SPh)2] CF3SO3
and PdCl2(NCPh)2 to give [{AuCl(Ph2PCH2SPh)}2PdCl2] (2),
and [AuPdCl2 (Ph2PCH2SPh)2]CF3SO3 (3) has been studied by
O. Crespo, A. Laguna, E. Fernandez, J.M. Lopez-de-Luzuriaga,
P.G. Jones, M. Teichert, M. Monge, P. Pyykkö, N. Runeberg, M.
Schuetz and H.-J. Werner of the Departamento de Quimica
Inorganica Instituto de Ciencia de Materiales de Aragon,
Universidad de Zaragoza-CSIC, Spain (Inorg. Chem., 2000,
39(21), 4786-4792). The crystal structure of complex 2 has the
sterically unhindered Pd(II) and Au(I) at a distance of 314 pm.
Quasirelativistic pseudopotential calculations on
[AuPdCl3(PH2CH2SH)(SH2)] models give short Au-Pd
distances at the 2nd-order Moller-Plesset (MP2) level and long
Au-Pd distances at Hartree-Fock (HF) level. A detailed analysis
of the Au-Pd interaction shows dominant dispersion, some ionic
contributions, and no net charge transfer between the metals.
3.2 Base-Induced Disproportionation of
Elemental Gold
In the reactions of gold with alkali metals (Rb, Cs) and the
corresponding alkali metal oxides in ratios of alkali metals to
gold of > 3, disproportionation of Au to Au+ and Au– is
observed and novel alkali metal auride aurates(I) Rb7Au5O2
([RbAu]4[Rb3AuO2]) and Cs7Au5O2([CsAu]4[Cs3AuO2]),
respectively, are formed. Rb7Au5O2 and Cs7Au5O2 are
orthorhombic. A.-V. Mudring and M. Jansen, Max-Planck-
Institut für Festkorperforschung, Stuttgart, Germany, Angew.
Chem., Int. Ed., 2000, 39(17), 3066-3067 have found that the
structural features clearly indicate the presence of monovalent
gold in the form of AuO23– dumbbells along with Au– with its
typical distances between the alkali metal and Au-.
3.3 Bis(diphenylphosphino)ferrocene or 
-Dicarba-closo-dodecaborane as Ligands
in Gold and Silver Chemistry
The synthesis and properties of gold and silver complexes with
bis(diphenylphosphino)ferrocene or -dicarba-closo-
dodecaborane, and other related derivatives, such as the
corresponding partially degraded nido-carborane or
bis{diphenylthio(or seleno)phosphoryl}ferrocene, as ligands have
been reviewed by O. Crespo, M.C. Gimeno, and A. Laguna,
Departamento de Quimica Inorganica, Universidad de Zaragoza-
CSIC, Spain, Appl. Organomet. Chem., 2000, 14(10), 644-652
4 COATINGS, FILMS, MEMBRANES
AND WIRES
4.1 Surface Resistance Investigations of the
Exchange of 3D Monolayers with
Molecules Self-Assembled on Planar Gold
Surfaces
Simple four probe resistance measurements have been used by
M. Venkataramanan and T. Pradeep of the Department of
Chemistry and Regional Sophisticated Instrumentation Centre,
Indian Institute of Technology, Chennai, Chem. Phys. Lett.,
2000, 327(5, 6), 299-304, to study the ligand exchange
between monolayer protected clusters of gold and silver with
dithiol monolayers on planar gold surfaces. The decrease in in-
plane resistance upon exposure of functionalized dithiol
monolayer covered gold surfaces to monolayer protected cluster
solutions is attributed to the attachment of free thiol groups of
the monolayers on the gold surfaces to the clusters. This linking
of clusters to monolayers results in screening of electron-
adsorbate vibration interaction causing a decrease in resistance.
There can also be additional factors determining the observed
changes.
4.2 Temperature Dependent Electrical
Resistivity in Nanocrystalline Gold Films
Made by Advanced Gas Deposition
Nanocrystalline gold films have been made by advanced gas
deposition (J. Ederth, L.B. Kish, E. Olsson and C.G.
Granqvist, Department of Materials Science, the Ångstrom
Laboratory, Uppsala University, Sweden, J. Appl. Phys., 2000,
88(11), 6578-6582). The mean crystallite diameter lay between
ca 10 and 80 nm, depending on substrate temperature during
deposition and annealing post-treatment, as found by x-ray
diffractometry and transmission electron microscopy.
Temperature dependent resistivity, ρ was measured in the 4 –
300 K range. The log ρ vs log T relationship displayed a
discontinuity at a temperature Tc, lying between 10 and 7.2 K,
depending on crystallite size. This can be understood as a result
of ρ being dominated by electron scattering against phonons
and grain boundaries above and below Tc, respectively.
4.3 Nanowire Gold Chains: Formation
Mechanisms and Conductance
Structural transformations, electronic spectra, and ballistic
transport in pulled gold nanowires have been investigated with
ab-initio simulations by H. Haekkinen, R.N. Barnett, A.G.
Scherbakov and U. Landman, School of Physics, Georgia
Institute of Technology, Atlanta, USA, J. Phys. Chem. B, 2000,
104(39), 9063-9066, and correlated with recent measurements.
Strain-induced yield of an initial double-strand wire results
first in the formation of a bent-chain which transforms upon
further elongation to a linear atomic chain exhibiting dimerized
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atomic configurations. These structures are stabilized by
directional local bonding with spd-hybridization. The
conductance of the initial double-stranded contact drops
sharply during the transformation to a single chain,
subsequently exhibiting a plateau extending over an elongation
well above typical Au-Au distances.
5 COLLOIDS AND
NANOTECHNOLOGY
5.1 Hydrophobically Modified Dendrimer-
Encapsulated Gold Nanoparticles 
HAuCl4 in aqueous solution was extracted into toluene or
chloroform using an hydrophobically modified
poly(amidoamine) dendrimer (K. Esumi, T. Hosoya, A. Suzuki
and K. Torigoe, Department of Applied Chemistry and
Institute of Colloid and Interface Science, Science University of
Tokyo, J. Colloid Interface Sci., 2000, 229(1), 303-306). Then
gold nanoparticles in the size range of 2-4 nm were obtained in
toluene or chloroform by reduction of Au3+ ions with
dimethylamineborane. It is suggested that gold nanoparticles
are encapsulated by the dendrimer. 
5.2 Size Distributions of Gold Nanoclusters
Studied by Liquid Chromatography
J.P. Wilcoxon, J. E. Martin and P. Provencio, Nanostructures
and Advanced Materials Chemistry Department, Sandia
National Laboratories, Albuquerque, NM, USA, Langmuir,
2000, 16(25), 9912-9920, have reported on their high-pressure
liquid chromatography (HPLC) and TEM studies of the size
distributions of nanosize gold clusters dispersed in organic
solvents. These metal clusters are synthesized in inverse micelles
at room temperature, and those investigated range in diameter
from 1-10 nm.
HPLC is sensitive enough to discern changes in
hydrodynamic volume corresponding to only two carbon atoms
of the passivating agent or metal core size changes of less than 4
Å. They have determined for the first time how the total cluster
volume (metal core + passivating organic shell) changes with
the size of the passivating agent.
5.3 Gold Nanoparticles from Self-Assembled
Gold(I) Amine Precursors
The reaction of AuCl(THT) with long chain primary amines
(CnH2n+1NH2; n = 8, 12, 16) has been shown by S. Gomez, K.
Philippot, V. Colliere, B. Chaudret, F. Senocq and P. Lecante,
Laboratoire de Chimie de Coordination du CNRS, Toulouse,
France, Chem. Commun. (Cambridge), 2000, (19), 1945-1946, to
lead to the formation of the complexes AuCl(NH2R) (R = C8H17,
C12H25, C16H33) which were characterized by classical methods
and shown to self-organize in the solid state into a fibrous material.
Decomposition of the complexes inside the supramolecular
framework yields a monolayer of ordered gold nanoparticles.
5.4 A Nanoswitch Operating on Fewer than
30 Electrons
D.I. Gittins, D. Bethell, D.J. Schiffrin and R.J. Nichols of the
Department of Chemistry, University of Liverpool, Nature, 2000,
408, 67, have tethered a metal nanoparticle to an electrode
surface using ensembles of organic molecules containing a redox-
active group to control the flow of electrons. The system can then
function as a nanoelectronic switch. The organic molecules are
alkyl chains with a central bipyridinium unit (bipy2+) which can
be reversibly reduced. Thiol groups at either end enable it to
attach a 6nm gold cluster to a gold electrode. A scanning
tunneling microscope tip positioned above the nanoparticle was
used to probe the electrical characteristics of this device,
immersed in an electrolyte. When a suitable potential is applied
between the gold electrode and a counter electrode, electrons are
injected into bipy2+ units reducing them to radical ions (bipy.+):
this causes electrons to flow from the electrode to the
nanoparticle. When the bipy.+ is electrochemically oxidized back
to bipy2+, the current markedly diminishes. It is estimated that
each nanoparticle is tethered by fewer than 60 molecules, and the
switch requires fewer than 30 electrons to operate.
5.5 Digestive Ripening, Nanophase
Segregation and Superlattice Formation
in Gold Nanocrystal Colloids
A novel digestive ripening process has been shown by X.M. Lin,
C. Sorensen and K.J. Klabunde, Condensed Matter Laboratory,
Department of Physics, Kansas State University, Manhattan,
KS, USA, J. Nanopart. Res., 2000, 2(2), 157-164, to narrow the
particle size distribution from a highly polydisperse
dodecanethiol ligated gold colloid. Unlike the Ostwald ripening
process, the digestion occurs through transferring materials
from large particles to small particles. Temperature-induced size
segregation can further select the particle sizes. By using these
two methods, highly ordered superlattices using nanocrystals as
building blocks can be synthesized directly from a polydisperse
colloid.
6 ELECTROCHEMISTRY
6.1 Measurement of Hydrogen and
Deuterium Concentration in a Gold
Electroplated Layer by Glow Discharge
Mass Spectrometry
For the first time glow discharge mass spectrometry has been
applied to the analysis of hydrogen and deuterium content in
micrometer thick gold layers electroplated over CuSn substrates.
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In a study of method feasibility for the thin metallic layers,
carried out by A. Efimov, M. Kasik, K. Putyera and O. Moreau,
Shiva Technologies, Inc, Syracuse, NY, USA, Electrochem. Solid-
State Lett., 2000, 3(10), 477-478, evaluation of the limit of
detection, instrumental background, and reproducibility was
performed. Depth profiles of hydrogen and deuterium
concentrations as ion beam ratios were successfully collected.
The relative sensitivity factor for hydrogen was evaluated by
measurement of a titanium standard reference material.
6.2 Characterization of n-Alkanethiolate
Monolayers Adsorbed onto
Electrochemically Deposited Gold
Nanocrystals on Glassy Carbon Electrodes
M.O. Finot and M.T. McDermott of the Department of
Chemistry, University of Alberta, Edmonton, Canada, 
J. Electroanal. Chem., 2000, 488(2), 125-132 have combined
electrochemical metal deposition with the self-assembly of thiolate
monolayers in an effort to develop a novel method for attaching
predefined functional groups to glassy carbon (GC) electrodes.
Gold nanocrystals were electrochemically deposited on polished
GC substrates by a potential step and subsequently modified by
exposure to ethanolic solutions of n-alkanethiols. The structure of
the resultant monolayers was then studied using electrochemical
blocking analysis and IR reflection absorption spectroscopy. These
analyses indicated that monolayers adsorbed onto gold nanocrystals
on GC adopt a more disordered structure relative to similar
monolayers adsorbed onto planar gold substrates. This is likely to
be due to a high density of step sites on the electrochemically
deposited gold particles. The ability to employ a sequence of
deposition and modification steps to introduce multiple functional
groups on a single GC electrode was demonstrated.
6.3 Oxyanion Adsorption and Competition at
a Gold Electrode
Synchrotron Far IR Reflectance Spectroscopy (SFIRS) has been
used by C.A. Melendres, F. Hahn and G.A. Bowmaker, Argonne
National Laboratory, IL, USA, Electrochim. Acta, 2000, 46(1), 9-
13, to study the adsorption of oxyanions at a gold thin-film
electrode. Surface-adsorbate vibrational frequencies of 240 and
255 cm-1 have been measured in-situ in acid solutions of 0.5 M
HClO4 containing 0.05 M Na2SO4, and Na3PO4, respectively.
It was observed that in the presence of Br-, competitive
adsorption occurs such that phosphate is displaced from the
electrode surface and the current-potential behaviour of the
electrode is determined by the more strongly adsorbed Br–
anion. In 0.1 M NaClO4 at neutral pH, no interaction between
the oxyanions and the gold surface could be observed.
Adsorption of OH– was found to be the dominant interaction,
inhibiting sulfate adsorption, in 0.05 M Na2SO4 + 0.1 M
NaClO4 solution. The latter finding is similar to results obtained
by others on the inhibition of sulfate adsorption on Ag by OH-.
7 ELECTRONICS
7.1 Current/Voltage Characteristics of
Monolayers of Redox-Switchable
[2]Catenanes on Gold
Redox-controllable molecular switches composed of two
interlocking rings have been incorporated into Langmuir films
starting from two different redox states, by M. Asakawa, M.
Higuchi, G. Mattersteig, T. Nakamura, A.R. Pease, F.M.
Raymo, T. Shimizu and J.F. Stoddart, National Institute of
Materials and Chemical Research, Tsukuba, Japan, Adv. Mater.
(Weinheim, Ger.), 2000, 12(15), 1099-1102. The morphologies
of the resulting monolayers and their current-voltage
characteristics were then studied. These switches are considered
to be ideal candidates for the fabrication of molecular-based
electronic devices.
7.2 Gold Alloys or Composites for Wire used
in Bonding of Semiconductors
Gold-alloy composites have been patented by B.A. Go and V.R.
Bischocho of Texas Instruments Inc., USA (US Patent 6150262
A, 21 November 2000) for wires used in bonding of
semiconductor devices. They contain up to 50 wt% of Pt, Ag,
Cu, Al, Pd, Pb, Ni, Ru, Os, and/or C for alloying and
dispersion. The preferred gold alloys contain 10-50 wt% of Ag,
Cu, Al, or Pt, and can be manufactured as composites having
dispersed carbon powder. The electrical conductive gold-alloy
wires are flexible and resistant to corrosion, and can be bonded
to semiconductor lead frames. A typical alloy wire was prepared
by melting 50 Au with 50 wt% Al in a crucible.
7.3 Voltohmmetry on Polycrystalline Gold
Electrodes
B. Hullenkremer, O. Gluck, H. Emons, H. Luth and M.J.
Schoning of Julich, Germany, VDI-Ber., 2000, 1530(Sensoren
und Messsysteme 2000), 45-54 have written this review (with
15 references). Voltohmmetry is described as a new principle of
detection using sensors to determine trace amounts of dissolved
substances. It is based on the changes in surface potential of
ultrathin gold electrodes during the voltage-controlled
deposition and dissolution of heavy metals. Topics discussed
include the measuring principles and design and manufacture
of the sensors. Practical examples using two measuring methods
(cyclovoltohmmetry and stripping voltohmmetry), as well as
aspects of the qualitative and quantitative analysis are given.
7.4 The Stability of the Active Medium of RF-
Excited CO2 Lasers with Gold as Catalyst
Using mass-spectromety, the gas composition of the active
medium of sealed-off continuous-wave RF-excited CO2
waveguide lasers have been studied by V.M. Cherezov, M.Z.
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Novgorodov, V.N. Ochkin, V.G. Samorodov, E.F. Shishkanov,
V.A. Stepanov and W.J. Witteman, The Research Institute of
Gas-Discharge Devices, Ryazan, Russia, Appl. Phys. B: Lasers
Opt., 2000, 71(4), 503-507. A low degree of CO2 dissociation
and a laser power improvement can be achieved by the presence
of a gold catalyst in the laser discharge volume. The conditions
for long operational lifetimes of these lasers are described.
7.5 Solid Oxide Ion Conductor/Gold
Electrode System for Potentiometric
Carbon Monoxide Gas Sensor
The electrochemical property of the galvanic cell for application to
a CO sensor has been studied by K. Yashiro, M. Kudo, H.
Matsumoto, A. Kaimai, Y. Nigara, T. Kawada, J. Mizusaki and K.
Kawamura, Research Institute for Scientific Measurements,
Tohoku University, Sendai, Japan, Funtai Oyobi Funmatsu Yakin,
2000, 47(9), 1026-1031. In order to elucidate the CO-sensing
mechanism on a Au/YSZ interface, steady state polarization
measurements were carried out at 873-1073 K in O2-Ar, CO-
CO2, and CO-O2-Ar systems. The quantitative analysis of the I-V
characteristics revealed the kinetics of the electrode reaction of O2,
CO and CO2. It was confirmed that a mixed potential was
generated by a small amount of CO in oxygen-containing streams.
8 MATERIALS SCIENCE
8.1 Characterization of Dispersion-Hardened
Electrodeposited Gold Composites. Part 1:
SIMS and SEM Study of Powder
Inclusions
Submicrometric ceramic powders used as hardening agents for
electrodeposited gold films have been studied by S. Barison, S.
Daolio, M. Fabrizio, C. Piccirillo, I. Calliari and L. Armelao, IPELP
CNR, Padua, Italy, Chem. Mater., 2000, 12(10), 2964-2970.
Codeposits were obtained from a cyanide-free mixed electrolyte
with or without the addition of a brightening agent. Secondary ion
mass spectrometry (SIMS) and SEM were applied to characterize
the deposits. SIMS analysis gave useful information about the
presence and distributions of additives in the films, and the
influence of powders on metal-substrate interdiffusion phenomena
were also shown. Surface morphology characteristics depending on
experimental conditions, and the presence of additives were detected
by SEM microscopy. Preliminary hardness tests were also carried
out to evaluate the effectiveness of additives as hardening agents.
8.2 The Effect of the Addition of Gold on
Secondary Phase Formation in RE-Ba-
Cu-O (RE = Y, Nd)
Control of the size and distribution of non-superconducting
phases in melt processed RE-Ba-Cu-O (RE = Y, Nd) is
considered essential for obtaining a high critical current density
in these materials: this is usually achieved by the addition of small
amounts of dopants (e.g. Pt, CeO2) to the precursor powder
prior to melt processing. The influence of gold as a dopant on the
formation of secondary phases in (RE)BCO has been studied by
P.J. Smith, D.A. Cardwell, N. Hari-Babu and Y.H. Shi, IRC
Superconductivity, University of Cambridge, UK, Inst. Phys.
Conf. Ser., 2000, 167(Applied Superconductivity 1999, Vol. 1),
75-78. Gold has a significant effect on the decomposition
temperature of the reacted powder and consequently on the
range of materials that may be suitable for subsequent melt
processing.
8.3 Before Striking Gold in Gold-Ruby Glass
Mössbauer spectroscopy was used to study the state of gold in
gold-ruby glass prior to striking (heat treatment for colour
formation). Gold is monovalent in the colourless glass, forming
linear bonds to two neighbouring oxygen atoms. F.E. Wagner, S.
Haslbeck, L. Stievano, S. Calogero, Q.A. Pankhurst and K.-P.
Martinek, Physik-Department., Technische Universität,
Munchen, Garching, Germany, Nature (London) 2000,
407(6805), 691-692 have shown that the presence of
monovalent gold in quenched samples obtained from both
HAuCl4.xH2O and KAu(CN)2 shows that the oxidation state of
the gold in the glass does not depend on the oxidation state of
the gold in the starting material. Remelting of a coloured,
annealed specimen at 1400°C and subsequent quenching again
produced a colourless glass, whose Mössbauer spectrum showed
that the metallic gold had transformed back to Au(I). This shows
that the transformation of Au(I) to metallic gold is reversible and
that monovalent gold is stabilized by the glass matrix.
8.4 Optical Behaviour of RF Sputtered Au-
TiO2 Thin Cermet Films
The optical behaviour of Au-TiO2 cermet films has been
studied by S. Liberman, X. Quelin, J. Sztern, Y. Dumont, A.
Etcheberry, A. Bourdon and P. Gadenne of the Laboratoire de
Magnetisme et d’Optique de Versailles, Université de Versailles
Saint Quentin, France, Eur. Phys. J.: Appl. Phys., 2000, 11(2),
91-95. The gold volume fraction was varied over (1 – 80) x 
10-3. In this low concentration range, the characteristics are
mainly governed by the metallic particle size, which depends on
the deposition substrate temperature and the annealing time
and temperature. The samples structure and morpholology are
characterized by several complementary techniques.
Spectrophotometric measurements at quasi-normal
incidence were performed in the visible and near IR regions.
Using a short pulse Nd:YAG laser, nonlinear optical behaviour
due to the enhancement of the electromagnetic field close to
the surface plasmon resonance of the metallic grains was
sought.
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9 MEDICAL AND DENTAL
9.1 The Development of New Microelectrode
Gas Sensors, an Odyssey, Part IV: O2,
CO2 and N2O Reduction at Unshielded
Gold Microdisc Electrodes
H. McPeak, A.M. Bond and C.E.W Hahn of the Radcliffe
Infirmary, Nuffield Department of Anaesthetics, University of
Oxford, UK, J. Electroanal. Chem., 2000, 487(1), 25-30, have
investigated the reduction of O2, CO2 and N2O, in the presence
of each other, at an unshielded gold microdisc electrode, in
dimethylsulfoxide (DMSO) as the solvent and with a silver
quasi-reference electrode. Carbon dioxide and nitrous oxide,
when present on their own in nitrogen, have been shown
previously to be reduced at very similar potentials. So, it was not
necessarily anticipated that gas mixtures containing both these
two gases could be determined analytically. However,
remarkably, a well resolved new CO2 wave, which is ideal for
analytical purposes, was observed in the presence of O2 and
N2O. Furthermore, no cross-interference from the O2, N2O,
and the new CO2 reactions, was evident when the N2O
concentration was in excess of that of the CO2 (the normal
anaesthetic expired gas and blood gas analysis situation). The
O2, CO2 and N2O concentrations were determined from the
limiting currents of the well-separated waves.
10 METALLURGY
10.1 Eutectic-Type Gold-Tin Alloy Suitable for
Reflow Soldering of Semiconductor
Circuits
A gold-alloy solder containing 22-26% tin (vs ca 20% in the
eutectic) is suitable for soldering of the gold-coated parts on
electronic circuit boards or Si-semiconductor wafers with
improved contact alignment (M.F. Dautartas, Lucent
Technologies Inc., USA, US Patent 1934 H1, 2 January 2001).
The electronic parts (especially light-emitting diodes) for
soldering are preferably precoated in sequence with Ti, Pt, and
Au layers to provide a uniformly solderable surface. The high-tin
gold alloy solder remains molten when some tin is lost to the
substrate by contact diffusion, thus avoiding early formation of a
local solid phase with poor flow in the eutectic alloy.
10.2 Nonthermal Component in Heat-Induced
Structural Deformation and Phase
Transition in Gold
Using an ultrarapid optical pump-probe technique, the
dynamics of the heat-induced structural deformation and phase
transition in gold at early time delays (within 1 ps after
excitation) have been studied by monitoring both the
fundamental and second-harmonic generation signals of the
probe beam (C. Guo and A.J. Taylor, Condensed Matter and
Thermal Physics Group, Materials Science and Technology
Division, Los Alamos National Laboratory, NM, USA, Phys.
Rev. B: Condens. Matter Mater. Phys., 2000, 62(18), R11921-
R11924). The ratios of the time-resolved fundamental and
second harmonic generation signals with respect to low-
intensity reference curves reveal clear changes immediately
following pump excitation for intensities above 0.9 times the
melting threshold that is absent for lower intensities.
A disordered lattice due to electronic heating and
nonthermal component exist in the heat-induced structural
deformation and phase transition in gold.
11 REFINING
11.1 Gold Electrowinning from Thiourea
Solutions
The use of thiourea as an alternative non-polluting reagent for
gold leaching is very well known. However, the processes of
gold recovery from thiourea solutions have received little
attention, particularly the electrowinning process. Gold
electrowinning from thiourea solutions has now been studied
by C.M. Juarez and A.J.B. Dutra of the Mining Research
Institute, National University of San Juan, Argentina, Miner.
Eng., 2000, 13(10-11), 1083-1096, using linear sweep
voltammetry and chronopotentiometry. For potentials more
cathodic than 0 mV vs SCE gold reduction is mass transport
controlled. The estimated diffusion coefficient for the complex
gold (I)-thiourea, at 25°C, was 1.0 x 10-5 cm2 s-1. The influence
of gold, thiourea and formamidine disulfide concentrations on
the cathodic behaviour of gold is described. A passivation due
to thiourea adsorption on the electrode surface was observed at 
-300 mV vs SCE. Experiments have shown that gold reduction
is favoured by low thiourea and formamidine disulfide
concentrations. Chronopotentiometric measurements indicated
the presence of an adsorption step before the reduction of the
complex gold (I)-thiourea, although the reduction of the species
in solution is also feasible. The influence of current density on
the cathodic current efficiency and gold structure is presented.
11.2 Thiosulfate Leaching Kinetics of Gold in
the Presence of Copper and Ammonia
In recent years a significant amount of research has focused on
thiosulfate as an alternative lixiviant for gold. However, few
fundamental studies have been undertaken due to the complexity
of the solution chemistry. In research carried out by P.L. Breuer and
M.I. Jeffrey of the Department of Chemical Engineering, Monash
University, Victoria, Australia, Miner. Eng., 2000, 13(10-11),
1071-1081, the effect of various parameters on the gold leaching
Gold Bulletin 2001, 34(1)
kinetics and the undesirable homogeneous copper(II) reduction by
thiosulfate has been evaluated. The leach kinetics are measured at
essentially constant solution conditions using a rotating
electrochemical quartz crystal microbalance, which measures mass
changes in real time and hence leach rates within minutes.
The gold leaching kinetics were found to be chemically
controlled and the rate was found to decrease with time as the
copper(II) concentration decreased. This can be attributed to
passivation of the gold surface by the products of the
copper(II)-thiosulfate reaction. Optimum leach conditions
derived from this study are 0.4M ammonia, 0.1M thiosulfate,
pH > 11.4, and temperature at 30°C.
11.3 Supercritical Carbon Dioxide Elution of
Gold-Cyanide Complex from Activated
Carbon
The elution of gold from activated carbon using supercritical
carbon dioxide has been reported by E.O. Out and J.J. Wilson
of the Department of Chemistry, Indiana University Southeast,
New Albany, IN, USA, Sep. Sci. Technol., 2000, 35(12), 1879-
1886. Results of the conditions that maximize the recovery of
gold are presented. The parameters that were investigated
include pressure, solvating agent, ionic strength, and static
mode time. Repeating short static time periods followed by
dynamic periods (on the same gold-loaded carbon sample)
yielded higher recoveries compared to longer static time periods.
It is proposed that the desorption process is kinetically
controlled. The standard deviation for the recovery process was
7.6% or better.
11.4 Selective Removal of Gold from Natural
Waters by Adsorbing Colloid Flotation
Adsorbing colloid flotation is a separation technique with
distinct advantages for removing trace elements from natural
and industrial waters. The advantages described by H. Sabti,
R.R. Brooks, R.B. Stewart and M. Hossain, Soil and Earth
Sciences, Massey University, Palmerston North, N.Z., Adsorpt.
Sci. Technol., Proc. Pac. Basin Conf., 2nd, 2000, 259-263, ed.
D.D. Do, World Scientific Publishing Co. Pte. Ltd., Singapore,
are: rapid processing, simple design, small volume of final
solution, low residual concentration, flexibility of operation,
and moderate cost. In this method, the substance to be removed
(eg metal ions) is adsorbed on colloidal particles or
coprecipitated on a floc produced by the addition of a
flocculating agent. A surfactant is then added to adsorb on the
particle or floc thus rendering it hydrophobic. The metal-loaded
particle is then removed by further adsorption at the surface of
rising bubbles in a flotation system. Experiments were carried
out using cetyltrimethylammonium bromide (CTAB) as a
cationic surfactant, alone or in combination with thiourea (a
complexing agent) for removal of gold. Adding 10 mg/L of
thiourea to an equal volume of CTAB instead of CTAB alone,
increased the extraction to a dramatic degree.
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